Summary.
The early stage of migration of neural crest cells was observed in the midbrain level of bantam embryos (5-somite stage to 15-somite stage) by transmission electron microscopy.
It was confirmed that the migration of the neural crest cells starts at the stage of 7-8 somites and ends at the stage of about 14 somites. During this period, not only the contact of migrating crest cells with each other but also the contact between migrating cells and superficial ectodermal cells and/or neural tube cells was observed.
Intercellular distance in those contact regions was 3-4nm. The contact between the migrating crest cell and the basement membrane of the neural tube cell and of the ectodermal cell as well as the contact between the neural crest cell and the fibrillar structure in the environment was also seen.
These findings suggest the possibility of transitory interaction for migration between neural crest cells with each other, between neural crest cells and cellular components of the environment where these crest cells migrate, and between neural crest cells and extracellular structures in the environment.
Recently the importance of cell interaction during tissue differentiation and morphogenesis has come to be recognized. In 1972 WESTON reported that there is, at least in the case of neurons and pigment cells, a general correlation between the spatial arrangement of crest cells and their phenotypic expression, because neuronal differentiation is normally manifest only when crest cells interact closely in cohesive clusters, and melanogenesis proceeds, on the contrary, when crest cells are initially dispersed.
He also stated that the neural crest has special attributes as a system to investigate the role of cell interaction in the control of morphogenetic movements, the formation of specific cell contacts, and the regulation of cellular phenotypic expression. JOHNSTON and LISTGARTEN (1972) supposed that during their migration the cranial neural crest cells become associated with various types of tissues from which they appear to receive inductive stimuli for migration and differentiation. NODEN (1975) also indicated that the migratory behavior of neural crest cells is largely directed by environmental influences. Therefore, the authors intended to study the cell contact in the early stages of the neural crest cell migration in the midbrain level by electron microscopy, namely, how closely neural crest cells approach neural tube cells or superficial ectodermal cells which are the main components of the Figure  1 . An arrow points to the contacting region between the neural crest cell (NC) and the superficial ectodermal cell (SE).
The intercellular width is about 3nm. (SAITO and KEINO, 1976) . Then, the specimen was washed for 30 to 40min with the buffer solution and postfixed with a 2% osmium tetroxide solution (MILLONIG, 1962) for 60min.
The specimen was washed again for 30-40min by the same buffer and stained en bloc with 1% uranyl acetate for 60min at room temperature (modification of the method of KELLENBERGER et al., 1958) . The fixed specimen was embedded in Epoxy resin (LUFT, 1961) , after rapid dehydration in the usual series of ethanol. Ultrathin sections were prepared at the midbrain level and were stained with uranyl acetate and the lead solution of SATO (1967) . A Hitachi HU 12 AS electron microscope was used for the observation.
For orientation to the prepared and observed by light microscope after being stained with 0.5% toluidine blue. The contact between the pseudopodium of the neural crest cell and the fibrillar OBSERVATION Electron microscope observation of bantam embryos confirms that neural crest cells in the midbrain level start to leave their source at the stage of 7 or 8 somites. The crest cells seem to be briskly pushed out or to creep out themselves from the source continuously and divide themselves into two strands in bilateral directions (Fig. 1) . A photograph of the midbrain level in the 12-somite stage shows that the exodus of the cell from the source is coming to an end as the escaping crest cells seem to Crest cells (NC) are decreased in number and seem to migrate toward the left side of the micrograph within the space between the ectoderm (SE) and the neural tube (NT). During migration, the crest cells are in tight contact with the broad area of the cell membrane of the ectoderm and also in contact with the neural tube by protruding pseudopodia (arrows). In the left-lower part of the micrograph the neurocoel (C) is ob-decrease (Fig. 4) . At the 13-somite stage the complete closure of the neural tube, namely, the separation of the neural tube from the superficial ectoderm is seen in many examined sections. Figure 7 shows the stage just before the complete closure of the neural tube. Even in this stage, a few crest cells, which are just under the superficial ectoderm and thought to be rear positioning migrating cells, are still seen. These cells are observable until the 15-somite stage. It is noted that the neural crest cells which are migrating in the dorsal part of the neural tube are in contact not only with each other but also with superficial ectodermal cells and/or neural tube cells (Fig. 1, 4, 7) . The contacts are superabundant on the dorsal part of the neural tube, and are frequently observable even at the areas of two and ten o'clock of the neural tube. With the ectodermal cells, the neural crest cells make contact by protruding either some small pseudopodia or many minute processes. In the latter case the cell body of the neural crest cell approaches the ectodermal cell up to a distance of 7-10nm but no further. However, many minute processes which are protruded from the cell body approach the ectodermal cell to a distance of 3nm or even closer (Fig. 2, 9, 10) . A conversed relation, namely, the ectodermal cell protruding its pseudopodia to the crest cell, is also seen frequently (Fig. 5) . In cases of contact with the neural tube, the crest cell protrudes a few small pseudopodia to the basal surface of the neural tube cell and approaches to a distance of 4nm (Fig. 3, 8 ), but in many cases the cell contacts not with the neural tube cell but with its basement membrane (Fig. 6) . The contact between the neural crest cell and the basement membrane of the ectodermal cell is also seen It is difficult to identify the complete structure of the unit membrane at the contacting portion unless the membrane of the contacting cells was cut perpendicularly. Contact of the neural crest cell to the extracellular fibrillar structure is also seen (Fig. 3) . The neural crest cell in these stages has a distinct elliptical nucleus which has an electron dense nucleolus.
In the cytoplasm, numerous free ribosomes, a few vesicles, some endoplasmic reticulums and mitochondria are seen. However, no clear microfilament or microtubule is observable.
DISCUSSION
From observation of the initial migration of the neural crest cell in the midbrain of a bantam embryo, it was obvious that the migrating crest cell frequently keeps in contact with the superficial ectoderm and/or the neural tube by means of its pseudopodia or minute processes. It has been indicated that migrating neural crest cells interact closely with surrounding tissues in their pathways (WESTON, 1970 (WESTON, , 1972 JOHNSTON and LISTGARTEN, 1972; NODEN, 1975) . Furthermore, by in vitro experiments of cell adhesion to the substrate such as the adhesion of embryonic fibroblasts to glass or plastics, it was made clear that cells adhere to the substrate by protruding processes (CURTIS, 1964; TAKEICHI and OKADA, 1972) . LESSEPS (1963) observed in embryonic heart cells and pigmented retinal cells that cell contact was actually initiated at the crests of their undulating surfaces. OKADA (1975) proposed that cells always intend to approach each other or to approach the substrate more closely, projecting pseudopodia. GOOD (1972) also concluded in his theoretical study that the projection of pseudopodia is necessary to form molecular contact which is needed for phagocytosis or for the strong adhesion of blood cells to glass. Therefore, the projection of small processes seems to be an essential behavior for crest cells to approach more closely to ectodermal cells or neural tube cells.
The distance of contact between the crest cell and the superficial ectodermal cell or neural tube cell by minute processes or small pseudopodia was 3-4nm.
Although it was impossible in the present study to confirm the interaction of contacting cells, this contacting area of close distance is thought to be the site of low resistance to ion flow in embryonic tissue as indicated by SHERIDAN (1966) and TRELSTAD et al. (1967) . There is also an opinion that cells may interact through some unique transitory junctions in the embryonic tissue (TRELSTAD et al., 1967; SPIEGELMAN and BENNETT, 1974) . Plaque contact (EBENDAL, 1977) or special junctions as in adult tissues was not observable. LEHTONEN et al. (1975) suggested that cell contact is necessary for cell interaction, from their experiments on the correlation between interacting metanephric mesenchyme and the spinal cord through Millipore filters of various pore sizes in mice. SPIEGELMAN and BENNETT (1974) believed that contact and interaction between cells is doubtlessly a prerequisite for cell movement, as well as a likely condition for normal differentiation. WESTON (1970 , 1972 ) and NODEN (1975 indicated that the precise patterns of migration of chick neural crest cells are largely directed by environmental influences. WESTON (1963 WESTON ( , 1970 WESTON ( , 1972 ) also indicated that prospective pigment cells making up the dorsolateral stream associate closely with the superficial ectoderm and enter its germinative layer. Therefore, the contact of neural crest cells having been observed here seems to be an important process for them to reach their target areas correctly.
In the cytoplasm of the crest cell it was impossible to observe the microfilaments. If the existence of the microfilaments were confirmed in pseudopodia of migrating neural crest cells, it would strongly support the idea that the crest cells intend to make contact with these cells actively.
It is known that microfilaments are observed in many kinds of actively mobile cells and evidence to support the fact that cell movement is caused by microfilaments seems to be increasing (SPOONER et al., 1971 (SPOONER et al., , 1973 . Crest cells which exhibit pseudopodia might be considered to be active in making contact (EBENDAL, 1977) . There seem to exist two possibilities to explain the non-existence of microfilaments in the pseudopodia of neural crest cells as has been suggested by ISHIKAWA (1977): (1) microfilaments which had existed in the crest cell were extracted in the fixation procedure or (2) some contractile protein other than the microfilaments is involved in the crest cell movement. EBENDAL (1977) observed the presence of extracellular microfibrils in the pathway of neural crest cells and sclerotome cells at the leg bud level of chick embryos . He indicated that extensive cell movements take place in association with the extracellular matrix consisting of microfibrils. The contact between the neural crest cell and the poorly developed extracellular fibrillar structure was seen (Fig. 3) . The contact between the neural crest cell and the basement membrane of the neural tube cell and also between the neural crest cell and the basement membrane of the ectodermal cell were observed.
It is interesting when the latter observation is connected with the report of PRATT et al. (1975) that hyaluronate, which may prevent the process of differentiation and may create a substratum suitable for crest cell migration, is rich in the basement membrane of the ectoderm and the neural tube.
In the present study, the authors observed the ultrastructure and nature of the contacts between the migrating neural crest cells and the cells and structures of the environment.
The meaning of these contacts cannot be presumed only by the present observation.
However, when the results of the observation in the present study are related to the reports and presumptions of the previous workers, these contacts are supposed to be an important factor for the migration of these neural crest cells. The ultrastructural observation of these contacts having been performed in the present study will provide some clues for further experimental studies of neural crest cell differentiation and migration.
